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The broad-leaved paper bark tree Melaleuca quinquenervia is a major invader in the wetlands of the Florida 
Everglades, USA. In South Africa, this introduced species is known from eight locality records and is naturalising 
at two of these sites. The potential for its spread to other wetlands and estuaries is of concern. The naturalising 
population near Wolseley, Western Cape, was discovered in May 2009 and is confined to a mountain seep. Given 
that the Wolseley infestation is restricted to only 0.28 ha, extirpation seemed feasible, and a monitoring system 
was devised to record population characteristics and response to control measures. Suppression of seedling 
recruitment and reduction in the number of coppicing stems over a six-year period (2009–2014) suggest that it 
will be possible to extirpate M. quinquenervia from the Wolseley site. Factors that hinder or favour its successful 
extirpation are presented and the implications of this study for the management of other small populations of this 
species in South Africa are discussed. 
Keywords: early detection, eradication, invasive alien plants, management, Myrtaceae
In May 2009 a small infestation of Melaleuca quinquenervia 
(Cav.) S.T. Blake (Myrtaceae), the broad-leaved paper-bark, 
comprising ~300 plants distributed over 0.28 ha, was found 
by a CapeNature field ranger in a moist seep (33°26′ S, 
19°8′ E) in the mountains near the town of Wolseley, 
Western Cape province, South Africa (Jacobs et al. 2015). 
Melaleuca quinquenervia is a wetland-adapted tree of up 
to 30 m tall, native to eastern Queensland and New South 
Wales, Australia, and to parts of Indonesia, New Caledonia 
and Papua New Guinea (Blake 1968; Serbesoff-King 2003). 
It bears cream-coloured, bottle-brush-like flowers (Figure 1), 
has a characteristic white bark and broad, five-veined leaves. 
In its native range it typically grows in coastal wetlands that 
are temporarily inundated, along freshwater stream banks 
and in brackish water adjacent to mangrove swamps (Turner 
et al. 1998). Although the species has been reported to be 
invasive in a number of countries (Watt et al. 2009), it is best 
known as an invader of the Florida Everglades, USA (Dray 
et al. 2006), where dense monocultures of M. quinquenervia 
have excluded native vegetation (Turner et al. 1998; Martin 
et al. 2009). Managing the problem in the Florida Everglades 
cost the US government about US$25 million between 
1989 and 1999 (Serbesoff-King 2003). The well-publicised 
impacts and costs to control M. quinquenervia in the USA, 
and the negative impacts of invasive alien plants on wetlands 
and river functioning in general (Rowntree 1991; Zedler 
and Kercher 2004; Richardson et al. 2007), prompted the 
documentation of all known populations of M. quinquenervia 
in South Africa (Jacobs et al. 2015), and, of particular 
relevance to this paper, also prompted consideration of 
control options for this species.
In selecting a management response for invasive alien 
plant control, numerous approaches are available. Where 
a plant species has established and naturalised, but where 
its distribution is limited, early detection and eradica-
tion is the most cost-effective option, compared to the 
long-term and substantial financial commitment required 
to control large infestations (Rejmánek and Pitcairn 2002). 
‘Eradication’ refers to the complete and permanent removal 
of all viable propagules of a plant population from a defined 
area, where ‘propagules’ refers to vegetative or sexual 
structures with the ability to create new plants; examples 
include tubers, bulblets, fragments and seeds (Genovesi 
2005; Netherland and Schardt n.d.). For the purpose of this 
paper, we interpret ‘extirpation’ to mean eradication at a local 
scale. 
Of the eight M. quinquenervia records in southern Africa 
documented by Jacobs et al. (2015), two were found to be 
‘naturalising’ (Richardson et al. 2000), having overcome 
biotic and abiotic barriers to survival plus various barriers 
to reproduction: one population in Tokai, Cape Peninsula 
(34°03′ S, 18°25′ E), and the other near Wolseley, the 
latter being the only instance in South Africa in which 
M. quinquenervia has naturalised in native vegetation (van 
Wyk et al. 2011). The small size of the Wolseley population 
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infestation in the Florida Everglades. In the Florida case, 
more than 12 deliberate introductions have occurred since 
the late 1800s and, by 1998, M. quinquenervia occupied 
202 000 ha of the Everglades (Dray et al. 2006). As a 
consequence, those populations have been subjected to an 
extensive programme of integrated biological, mechanical 
and chemical control (Laroche 1999). 
The aim of the present study was to investigate the 
residence and management history of M. quinquenervia at 
the Wolseley site and to determine whether its extirpation 
would be a feasible management objective at this site. The 
results of a study in 2009–2014 designed to characterise 
the infestation and to monitor population response to control 
efforts to suppress the Wolseley M. quinquenervia infesta-
tion, are presented. Prognoses for the extirpation of this 
wetland invader are discussed in the context of a national 
response for the management of small populations of M. 
quinquenervia in South Africa.
Materials and methods
History of M. quinquenervia at the Wolseley site
Forestry archive records, literature and relevant staff were 
consulted to investigate the possible introduction pathway 
of the species, as well as to determine the management 
history of M. quinquenervia at the Wolseley site.
The Wolseley M. quinquenervia site occurs on land 
previously managed by the Kluitjieskraal Forest Station, 
which was founded in 1884 by Joseph Storr-Lister 
(Storr-Lister n.d.), Chief Conservator of Forests for the 
Cape Colony during the 1880s (King 1938). Shortly 
afterwards, a nursery was established and numerous plant 
species were imported for experimental purposes. These 
included Melaleuca parvistaminea Byrnes and Melaleuca 
styphelioides Sm., which were imported as potential hedges 
and wind-breaks. The annual records of the Kluitjieskraal 
Forest Station for the early 1900s indicate that the 
imported melaleucas failed to establish in drier areas, and 
Melaleuca species were not imported thereafter (J Syphus, 
Department of Forestry and Fisheries, Kluitjieskraal, pers. 
comm.). Melaleuca parvistaminea, M. styphelioides and 
Callistemon rigidus R. Br. have since become invasive in 
the wetlands adjacent to the nursery (Jacobs et al. 2014). 
Although the historical records do not specifically mention 
M. quinquenervia, its arrival may have been coincidental 
with that of the other Melaleuca species.
The Wolseley M. quinquenervia site occurs in one of 
many areas subject to a national strategy, in place since 
2000, which aims to decommission selected government-
owned plantation forests that are considered marginal 
in terms of high-quality timber production (Louw 2006). 
According to the forestry company records, the Wolseley 
M. quinquenervia site was originally planted with Pinus 
radiata D. Don (Pinaceae) at an undetermined date. The 
last recorded harvest of pines at the site occurred late in 
1997. An entry at that time states that Australian Acacia 
and Eucalyptus species, and probably simultaneously but 
inadvertently, the small population of M. quinquenervia, 
were cut and treated with herbicide as part of Forestry’s 
routine weed control practice. Forestry records further show 
that the site was last planted to P. radiata during June 1998 
but that, after a fire during February 2000 which coincided 
with the commencement of the Forestry exit plan, the 
site was declared ‘permanently unplanted’ by the forestry 
company in June 2000 and responsibility for management 
of this land was transferred to the provincial conservation 
agency, CapeNature. When Forestry withdrew from the 
site, their alien plant control practices stopped and the M. 
quinquenervia trees were allowed to coppice. This explains 
why, in May 2009, at the time of the discovery and identifi-
cation of M. quinquenervia at the Wolseley site, the coppice 
was dense and approximately 4 m high.
Initial control efforts
In May 2009, when the population was discovered, 
CapeNature staff cut and treated the M. quinquenervia 
trees with a 1.5% triclopyr (480 g l−1) herbicide mix applied 
to cut stumps, and alerted staff of the Invasive Species 
Programme of the South African National Biodiversity 
Institute (SANBI). The identity of the species was confirmed 
by taxonomists at the Compton Herbarium, Cape Town, 
and later by the Australian National Herbarium, Canberra. 
Melaleuca quinquenervia is a prolific seed-producer, 
yielding more than 500 000 seeds per twig per year, and 
Figure 1: The five-veined leaves and cream-coloured, bottle-brush-
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stores its small seeds in serotinous woody capsules in the 
canopy of the plant (Rayachhetry et al. 1998; Rayachettry 
et al. 2001). When the plant is stressed or killed, for 
example by cutting or fire, seeds are released (TAME n.d.). 
Following the May 2009 treatment the felled branches, still 
containing seeds, were left at the site and this resulted in 
seed germination. Seedlings were observed a few months 
afterwards (Figure 2), but were confined to the wettest 
sections of the seep. These observations prompted the 
establishment of a systematic monitoring system to track 
population characteristics over time. 
Population monitoring
Following initial clearing by CapeNature and subsequent 
germination of the seeds, seedlings and coppiced stems 
appeared to be too abundant for all individual plants to 
be found and measured with accuracy across the whole 
population. Thus, in July 2009, in order to provide a 
system for monitoring plant response to control efforts, four 
permanent 100 m × 1 m transects were laid out at predeter-
mined distances from each other and at different angles, 
through the M. quinquenervia population (Henderson 
2003). Linear transects were chosen, based on evidence 
that in heathland vegetation transect sampling is more 
accurate per unit effort than quadrat sampling (Bauer 1943). 
Transects were extended at least 25 m on either side of 
the extent of the known population to make sure no outlier 
plants were missed. A 1 m2 frame quadrat was placed along 
each transect line (i.e. 100 quadrats per transect) and used 
to collect presence/absence data and to record salient 
characteristics of live plants. When flowers were observed, 
they were harvested and bagged for incineration. The 
monitoring frequency was approximately every six months. 
Despite germination and coppicing after the May 
2009 clearing event, by 2011 it became evident that new 
seedlings and coppicing were not as abundant as antici-
pated, and that collecting biometric data from each plant 
after locating it and before treating each plant, was feasible. 
Therefore, each transect monitoring session, during which 
plants were not removed, was followed by close inspection 
of the entire affected seep area and during which all live 
plants in the population were recorded using a GPS, their 
characteristics were noted and each plant then hand-pulled 
or treated with herbicide. In addition to the transect data, 
data could therefore be collected from each individual live 
seedling or coppiced stem in the entire population without 
applying significant additional effort. The study therefore 
produced two population datasets, one from the transect 
sampling and another from the entire population as part of a 
destructive sampling exercise following transect monitoring. 
Because the transect sampling was detailed and repeated 
across the exact same geographical area during each 
sampling session, it was possible to measure individual 
plant responses to management interventions. In contrast, 
the full population dataset, based on data collected approx-
imately every six months, provided information about 
the entire population of M. quinquenervia at the site. The 
transect data were collected from February 2010 and the 
full population data from August 2011. 
Seedling experiments
Two additional experiments were set up at the site during 
September 2010. One experiment consisted of two fixed 
points, marked with stakes, placed in areas where germina-
tion was evident and at which a 1 m2 quadrat with the stake 
at the centre was placed and monitored every six months. 
In each quadrat all seedlings were pulled out, counted 
and their heights were measured. The purpose was to use 
evidence of germination over time to gain insights about 
the size and persistence of M. quinquenervia seeds in the 
soil. The second experiment consisted of two fixed points, 
marked with stakes, placed in areas where germination was 
evident and at which a 0.5 m2 quadrat was sampled every 
six months. Within these 0.5 m2 quadrats, each seedling 
was marked individually and its growth over time was 
recorded every six months. The purpose was to observe 
seedling growth rate and survival and to determine the 
minimum age at which plants were able to reproduce. The 
number of fixed-point samples to monitor seedlings was 
low because there were few areas with sufficient seedlings 
to warrant more extensive data collection. However, the 
approach allowed for structured observation. The seedlings 
in these experiments were not subjected to mechanical or 
chemical control for the duration of the experiment.
In January 2011 a wildfire swept through the site, creating 
an opportunity to determine the effects of fire on enhancing 
or diminishing the probability of survival of the M. quinquen-
ervia population, and its implications for an extirpation 
attempt. This event was of particular interest, given that 
M. quinquenervia is a fire-adapted species able to produce 
new stems from buds in the trunk of the plant after a fire 
(Turner et al. 1998). 
Results
Population monitoring
The transect sample results (Table 1) show that the triclopyr 
herbicide application of May 2009 had been ineffective and 
that live plants produced coppiced stems. By February 
2010 the coppice was approximately 1 m in height and 
the plants were producing flowers. Following consultation 
with staff of the US Department of Agriculture, Agricultural 
Figure 2: Seedling recruitment at the Wolseley site following cutting 
of M. quinquenervia. This species releases seeds from woody 
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Research Service, Florida, it was learned that imazapyr 
(not triclopyr) is the critical active ingredient required for 
the effective chemical suppression of M. quinquenervia 
(PD Pratt, Department of Agriculture, Fort Lauderdale, USA, 
pers. comm. 2010). The M. quinquenervia population was 
then treated with 15% imazapyr (100 g l−1) in October 2010 
during spring, when herbicide uptake was likely to be most 
effective. During the preceding winter, June–August 2010, 
as a precaution to prevent further seed development, all the 
M. quinquenervia flowers were cut and removed. 
The application of imazapyr was much more effective 
than triclopyr, with a 12-fold reduction in the number of 
coppiced stems six months after imazapyr application, 
and good suppression of coppicing thereafter and before 
the fire of January 2012 (i.e. a further 18-fold reduction 
in the number of live stems) (Table 1). Two months after 
the fire, some previously cut and treated M. quinquen-
ervia tree stumps resprouted, which was the response 
predicted in the literature (Turner et al. 1998). However, 
the number of live stems continued to be substantially 
suppressed with repeated treatment of the newly coppiced 
stems with imazapyr between the time of the fire (January 
2012) and December 2014. Because the transect lines 
extended beyond the known population, the sample 
transect data confirmed that the population was contained 
within the 0.28 ha, as was originally estimated, and had 
not spread downstream of the seep. The transect data also 
showed that, both before and after the fire, the majority of 
resprouting stems originated repeatedly from the same tree 
trunks, suggesting that it is essential to revisit the same 
plants that previously coppiced and to ensure that they are 
re-treated.
The trends based on the data from the entire popula-
tion (Figure 3) mirror those shown in the transect sample 
(Table 1). The January 2012 fire suppressed the popula-
tion briefly and, from the following spring 2012, the number 
of new live stems in the population was further reduced 
































































































































































































































































































































































































































































































































































































































































































Figure 3: Results of destructive sampling of seedlings and 
coppiced stems of Melaleuca quinquenervia at the Wolseley 
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continued to be suppressed thereafter. An important feature 
with implications for the management of M. quinquenervia, 
at least in fynbos heathland is illustrated in Figure 3: after 
the 2012 fire, the fynbos recovered quickly, obscuring 
some M. quinquenervia seedlings that were subsequently 
missed during the surveys. Eighteen months after the fire, 
previously undetected M. quinquenervia seedlings emerged 
above the fynbos and could be seen and removed. Both 
datasets (Table 1 and Figure 3) confirm adult plants’ ability 
to survive and produce live stems following fire.
Seedling experiments
In the germination experiment, 42 seedlings averaging 
7 cm (SE 0.45) in height, were originally observed in the 
two 1 m2 quadrats, fourteen months after the felling and 
subsequent to seed release from M. quinquenervia trees. 
During the following monitoring period, seven seedlings, 
averaging 2 cm (SE 0.40) in height, were observed in the 
two 1 m2 quadrats. The quadrats were checked once every 
six months thereafter for a period of four years, but no more 
seedlings were observed at the fixed points. These results 
confirm that M. quinquenervia seed longevity in the soil is 
low or non-existent.
Seven months after the start of the seedling growth rate 
experiment, 30 of the original 35 seedlings were observed 
in two 0.5 m2 quadrats, and had grown to an average height 
of 37.1 cm (SE 6.45) (Table 2). No reproductive structures 
such as flower buds or flowers were observed during this 
time. Two months after the fire seven seedlings (i.e. 23% 
seedling survival following the fire) showed evidence of 
resprouting. Eighteen months after the fire, four seedlings 
had survived the summer’s heat stress. Those four plants 
survived another year and one shoot produced a flower 
bud 30 months after the fire, when that plant was 161 cm 
in height. This suggests a management ‘window period’ of 
about two and a half years before seedlings will flower after 
they have survived a fire. After these observations were 
made, the experiment was terminated and the plants were 
cut and treated with imazapyr herbicide.
Discussion 
Documented evidence for successful plant eradications 
from around the world is scarce and is mostly associated 
with islands. Simberloff (2003) proposed that a larger body 
of evidence for plant eradications should become evident if 
certain conditions are met. In addition to sustained institu-
tional support, population and biological characteristics 
of the target species are important when eradication is 
the management objective. Key aspects include: (1) the 
affected area must be small; (2) plant species with a small 
or short-lived seed bank are better candidates for eradica-
tion than those with large and/or long-lived soil seed banks; 
and (3) target species must be detectable at low densities. 
Specifically with respect to the prospects for the successful 
extirpation (local eradication) of M. quinquenervia at the 
Wolseley site, the following factors are relevant: 
Factors that may make extirpation difficult
1. The plants are difficult to kill and control by mechanical 
means, since they are able to recover by root and trunk 
sprouts (Turner et al. 1998)
2. The active herbicidal ingredient, imazapyr, although 
effective against M. quinquenervia, has to be applied at 
high concentrations, is non-selective, and is active in the 
soil for several months following application (McDowell 
et al. 1997). This is a concern, especially in wetlands, 
but, because the Wolseley population is small, residual 
effects of herbicide application do not present a signifi-
cant concern
3. Melaleuca quinquenervia can thrive at altitudes of up to 
1 000 m (Boland et al. 1985) and subsequent monitoring 
and control programmes will have to include rugged 
mountain terrain that is often difficult to access 
4. Melaleuca quinquenervia trees can tolerate several 
months of drought or flooding, and they survive inunda-
tion by producing aerial roots
5. Melaleuca quinquenervia is fire-adapted. Mature and 
even young plants, as shown in this study, can endure 
periodic fires (Turner et al. 1998), and their seeds survive 
fire through serotinous storage 
6. Determining the residence time of M. quinquenervia 
trees was not possible because the wood is too spongy 
to discern age rings (Van et al. 2000). However, some 
of the multi-stemmed tree bases measured 80 cm × 
100 cm, indicating that the trees at this site may have 
been there for several decades. All the tree stumps seen 
showed signs of previous control efforts (cutting) and 
burn scars from wildfires. The likelihood of a relatively 
long residence time of the species at the Wolseley site 
implies a greater probability of dispersal, establishment 
and the founding of new populations (Richardson and 
Pyšek 2006).
Factors favouring successful extirpation
1. The extremely localised distribution of the population, 
which covers less than one hectare, makes the extirpa-
tion of M. quinquenervia at the Wolseley site a good 

















seedlings 35 30 7 7 4 4
Average height 
(cm) ± SE 32.86 ± 5.58 37.13 ± 6.45 1.3 ± 1.1 56.27 ± 5.42 125.50 ± 11.41 175.5 ± 14.50 
Table 2: Timeline showing growth and survival of Melaleuca quinquenervia seedlings in the Wolseley population in 2010–2014 following 
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2. Observations show that the Wolseley M. quinquenervia 
population is limited to a small, flooded mountain seep, 
where it is likely that seedlings are not able to germinate 
or survive in the drier terrain outside the seep because, 
while M. quinquenervia is a prolific seed-producer, the 
seeds require a wet soil surface or dry–wet cycles to 
germinate (Rayamajhi et al. 2002; Van et al. 2005)
3. There are no individual plants or populations of M. 
quinquenervia in the surrounding areas (Jacobs et 
al. 2015). Rejmánek (2000) emphasised that vigilant 
detection of nascent populations is a critical factor in 
the successful management of invasive plants. Records 
of the ‘empty squares’ (i.e. definitive confirmation of 
absence) provide incontrovertible evidence to exclude 
the presence of a species. The transect monitoring and 
systematic searches covering the immediate surrounds, 
and of 20 ha around the Wolseley site, have shown the 
area to be free of any other M. quinquenervia plants
4. Seed dispersal for M. quinquenervia is typically limited 
to the area under, or close to, the parent plants, and the 
largest proportion of seeds does not remain viable in the 
soil for longer than two to three years (Rayamajhi et al. 
2002; Van et al. 2005). However, it cannot be assumed 
that seed survival and viability are necessarily comparable 
between the Wolseley and the USA populations of M. 
quinquenervia, and longer assessment periods will be 
necessary to confirm similar responses. But, if extirpa-
tion strategies are rigorously enforced, and particularly 
if further seed-set and dispersal are prevented, then it 
may be possible to predict successful extirpation at the 
Wolseley site within a few years. The experiments and 
observations at the Wolseley site indicate that a combina-
tion of interventions, including cut-stump treatment with 
imazapyr, prevention of seed-set by cutting the plants 
before maturity and hand-removal of seedlings applied 
every six months, can effectively suppress small popula-
tions of M. quinquenervia 
5. Experience with the control of M. quinquenervia in 
Florida confirms that seed release and germination 
is common after any event such as fire or cutting that 
stresses the plant (TAME n.d.). By removing as many 
propagules as possible prior to a fire, subsequent 
seed germination can be limited. Effective control of 
a small population of M. quinquenervia is achievable 
given diligent, complete suppression of seed formation, 
combined with the killing of adult plants
6. Melaleuca quinquenervia plants are easy to distinguish 
from heathland ‘fynbos’, even when not in flower, as their 
foliage colour is much lighter than that of the surrounding 
vegetation and the broad, five-veined leaves are distinc-
tive. Our results show that, whilst seedlings can escape 
notice when growing among heathland plants, within 
about 18 months of germination they tend to grow taller 
than the heath and then become conspicuous (Figure 3) 
7. Lastly, but crucially, current institutional arrangements 
favour successful extripation (Wilson et al. 2013). 
SANBI’s Invasive Species Programme and CapeNature 
are committed to long-term follow-ups and repeated 
surveying of the site to ensure control of M. quinquen-
ervia. This is a fundamental requirement for successful 
extirpation (Mack and Lonsdale 2002; Simberloff 2009). 
Extirpation of the Wolseley population seems highly 
feasible, given the suppression of the population over 
a period of six years. At the time of last data collection 
(December 2014), no seedlings and no live coppiced stems 
were observed. But, for how much longer should effort and 
financial resources be invested in surveying and monitoring 
this population? Time to extirpation can be modelled, based 
on an economic approach where the optimal stopping time 
is a trade-off between the cost of continued surveying and 
the cost of escape and damage if eradication is declared 
but not actually achieved (Regan et al. 2006). Alternatively, 
it is possible to model time to extirpation based on infesta-
tion characteristics: the rates of reduced infestation and the 
rates of reversion to a greater state of infestation (Panetta et 
al. 2011). In the absence of such models it seems prudent 
to follow an ad hoc approach, with the continuation of 
surveys for three to five years following the last detection 
of a live plant (Rejmanek and Pitcairn 2002). Thus far, the 
Wolseley M. quinquenervia project has cost R 532 000 
(US$53 200) over a six-year period, with the biggest invest-
ment (R 269 000/US$26 900) occurring in the second year 
(2010), when much effort was spent on treating the large 
M. quinquenervia tree trunks. Since then, project costs 
dropped to R 20 000 (US$2 000) per year in 2013 and 2014, 
and this is likely to be the annual cost of monitoring and 
surveying at the Wolseley site for the foreseeable future.
Conclusions
Overall, the experience gained from studies of the Wolseley 
M. quinquenervia population provides a strong basis for 
prioritising survey efforts in forestry exit areas, and in relation 
to historical as well as current forestry nursery imports (Jacobs 
et al. 2015). Furthermore, 41% of all plant species targeted 
for assessment of invasiveness and eradication feasibility 
in South Africa are associated with wetlands (Wilson et al. 
2013), emphasising the need to target and survey rivers and 
other wetland types as ‘hotspots’ for invasive plant establish-
ment and risk of spread, and specifically for finding M. 
quinquenervia, but also for finding and controlling wetland 
invaders more generally. The presence of large, mature M. 
quinquenervia trees in various arboreta and botanical gardens 
is likely to present an additional challenge for countrywide 
eradication, as these trees may be perceived as public assets 
that should enjoy protection. For example, the M. quinquen-
ervia trees in the Tokai arboretum were planted between 
1883 and 1884 (Anon. 1884) and are considered by some to 
hold heritage value. Recently revised South African legisla-
tion governing the control of invasive species acknowledges 
heritage resources and specifically provides for the protec-
tion of M. quinquenervia heritage trees, in accordance with 
the National Heritage Resources Act of 1999 (DEA 2014). In 
these situations it will be possible to prevent spread through 
monitoring and the removal of seedlings originating from 
the heritage trees. SANBI’s Invasive Species Programme is 
working in collaboration with the authority at Tokai to develop 
a management plan to this end. 
The results presented here bode well for efforts to protect 
wetlands affected by small populations of M. quinquenervia 
at a relatively small cost, especially once control efforts 
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